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BULK ELEMENTS NEEDED FOR 
LIFE: (CHNOPS).

• CARBON

• HYDROGEN

• NITROGEN    (NH3)

• OXYGEN

• PHOSPHORUS     (PO4)

• SULPHUR



NUTRIENTS ARE FOOD. 
NUTRIENTS IN WASTEWATER 

FEED BACTERIA



NUTRIENTS ARE 
ESSENTIAL TO LIFE, 

BUT TOO MANY CAN BE 
HARMFUL…..



EXCESS NUTRIENT 
LEVELS OF NH3 AND 
PO4 CAUSE PROBLEMS  

• Excess Algae growth

• Low dissolved oxygen 

• Increase turbidity which 
causes murky water

• Depletion of desirable flora 
and fauna

And DEATH TO FISH 

This Photo by Unknown Author is licensed under CC BY-SA-NC

http://www.soil-net.com/album/Water/Lakes_Rivers/slides/Eutrophication%2002.html
https://creativecommons.org/licenses/by-nc-sa/3.0/


WASTEWATER TREATMENT NUTRIENT  
PARAMETERS

NITROGEN /AMMONIA –NH3

• Influent - Typically between 

20 – 60 mg/L

• Effluent:  1 – 3 mg/L with most 
effluent permits being a 2 mg/L  

PHOSPHOSRUS – PO4

• Influent – Typically between

5 – 20mg/L

• Effluent:  0.125 – 1.50 mg/L 
depending on the receiving 
water



Effluent NH4 & P04 Parameters 

FORM COMMON REMOVAL 
MECHANISM

TECHNOLOGY LIMIT
mg/L

Total Nitrogen
Ammonia-N

Nitrification <0.5

Nitrate-N Denitrification 1-2

Total Phosphorus
Soluble P

Microbial uptake and/or 
Chemical precipitation

0.1 

Particulate P Solids removal <0.05



AMMONIA REMOVAL 
THROUGH BIOLOGICAL 
NITRIFICATION
• Biological removal of 

ammonia is a two- step 
process

• Utilizing 2 different 
types of autotrophic 
bacteria

• Nitrosomonas 
(oxidizes to Nitrite)

• Nitrobacter 
(oxidizes to Nitrate)

This Photo by Unknown Author is licensed under CC BY-SA-NC

http://www.flickr.com/photos/timmeko/6106058553/
https://creativecommons.org/licenses/by-nc-sa/3.0/


Conditions Needed in Aeriation Basin:

• Proper MLSS  
• Temperature   (Seasonal)
• pH (6.8 - 7.5)  may need to chemically alter
• Alkalinity – 8:1 ratio of alkalinity to ammonia (7.14 mg/L for 

adequate nitrification to occur
May need to chemically alter 

• Detention time in the treatment process
• Adequate dissolved oxygen 



MAINTAINING ADEQUATE MLSS 

• Monitoring of 
RAS and WAS 
(sludge 
inventory)

• 3000-4500 mg/L

This Photo by Unknown Author is licensed under CC BY-SA

http://mower.wikidot.com/lab-tss-vss
https://creativecommons.org/licenses/by-sa/3.0/


Proper DO 
Concentration
• Maintain a dissolved 

oxygen range between 
2.0 and 6.0 mg/L

• This is done by 
mechanical aeration

• Surface aeration

• Compressors

• Blowers This Photo by Unknown Author is licensed under CC BY-SA

https://commons.wikimedia.org/wiki/File:Surface_Aerator.jpg
https://creativecommons.org/licenses/by-sa/3.0/


Biological Phosphorus Removal



Different Types of BNR Configurations

• Modified Ludzack-Ettinger (MLE) Process – continuous-flow suspended-growth process with an initial anoxic stage followed by an 
aerobic stage; used to remove TN

• A/O Process – MLE process preceded by an initial anaerobic stage; used to remove both TN and TP

• Step Feed Process – alternating anoxic and aerobic stages; however, influent flow is split to several feed locations and the recycle 
sludge stream is sent to the beginning of the process; used to remove TN

• Bardenpho Process (Four-Stage) – continuous-flow suspended-growth process with alternating anoxic/aerobic/anoxic/aerobic 
stages; used to remove TN

• Modified Bardenpho Process – Bardenpho process with addition of an initial anaerobic zone; used to remove both TN and TP

• Sequencing Batch Reactor (SBR) Process – suspended-growth batch process sequenced to simulate the four-stage process; used to 
remove TN (TP removal is inconsistent)

• Modified University of Cape Town (UCT) Process – A/O Process with a second anoxic stage where the internal nitrate recycle is 
returned; used to remove both TN and TP

• Rotating Biological Contactor (RBC) Process – continuous-flow process using RBCs with sequential anoxic/aerobic stages; used to 
remove TN

• Oxidation Ditch – continuous-flow process using looped channels to create time sequenced anoxic, aerobic, and anaerobic zones; 
used to remove both TN and TP.



BNR WWTP Example 1

This Photo by Unknown Author is licensed under CC BY-SA

https://en.m.wikipedia.org/wiki/Membrane_bioreactors
https://creativecommons.org/licenses/by-sa/3.0/


BNR WWTP Example 2

This Photo by Unknown Author is licensed under CC BY

http://2017.igem.org/Team:Virginia/WasteWaterEveryday
https://creativecommons.org/licenses/by/3.0/


PO4 Removal via Chemical Precipitation

• Precipitation is the formation of a solid in a solution during a chemical 
reaction. Soluble phosphorus can be changed to a solid that will settle 
and can be removed with the sludge.

• Several different metal salts are commonly used to chemically 
precipitate phosphorus.

• Iron, aluminum, and calcium compounds are used as coagulants in 
chemical phosphorus removal.



CHEMICAL DOSING LOCATIONS
Dose point depends on facility design and mixing capabilities

Advantage Disadvantage

Prior to primary clarification Enhances TSS and BOD removal 
which reduces the loading to the 
aeration basin

Greater chemical usage and may 
require additional chemical 
addition down stream

Prior to secondary treatment Good mixing, orthophosphates are 
readily available

Can affect pH, alkalinity and 
nutrient ratio

Prior to final clarification Efficient in high level of removal Inadequate mixing

Enhanced settling

Cost Effectiveness



Chemical Dose Determination

• The most important component of a control strategy for chemical 
phosphorous removal is the calculation of coagulant dosage. Dosage 
rates for aluminum salts or for iron salts are based on the molar ratio 
of available metal ion to phosphorous.

Theoretically to remove 1 mg/L of PO4-P you need

*  9.6 mg/L of Alum

*  5.2 mg/L of Ferric compounds 

BUT………………………….Real life requires 0.5 to 15 times as much!!



Chemical Dose Determination Cont’d…

• Jar Testing or Bench Testing – using a simple method to determine 
wastewater characteristics and real metal to phosphorus ratios required at 
different chemical injection locations.

• Historical Trending – if historical data is sufficient to demonstrate hourly, 
daily or monthly phosphorus loading patterns, the varying chemical dosing 
levels can be configured via with the plant’s SCADA system using these 
trends. 

• Third party laboratory analysis – data used for reporting purposes. This 
data can also be used to fine-tune chemical dosage, but the long wait times 
are a problem for “real time” control. 

• Plant’s lab analysis –chemical dosage is adjusted based on the data 
collected and analyzed in laboratory by the plant staff.  This is a labor 
consuming process and difficult for the “real time” process adjustments.



SLUDGE PRODUCTION

•With chemical addition, sludge production will 
increase in the wastewater treatment unit process 
where the chemical is applied.  Sludge production has 
been noted to increase:

• By 40 percent in the primary treatment process
• 26 percent in activated sludge plants 



Conclusion

• With proper and adequate treatment methods a substantial amount 
of NH3 and PO4 removal can be achieved at a rate of 90% reduction. 

• When faced with decreasing nitrogen/ammonia and phosphorus 
limitations, utilities will have to make an educated decision regarding 
treatment methods.  Protecting our surface water sources from 
excessive nutrient levels will be required to ensure a safe and 
adequate water supply for human consumption in the future.   
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